Abstract
INTRODUCTION
E piphora is a symptom very commonly experienced in ophthalmology, and nasolacrimal duct obstruction, dry eye, eyelid anomaly, the malfunction of the lacrimal pump, and many complex factors have been reported as causes [1] [2] [3] .
Partial and complete obstruction of the nasolacrimal duct is one of the most common causes of epiphora, and it has been reported that 31.8% of patients who complained of epiphora had nasolacrimal duct obstruction [4] . Nasolacrimal duct obstruction can be divided broadly into congenital and acquired types. Congenital nasolacrimal duct obstruction is a disease with a very clear cause, in which nasolacrimal duct obstruction occurs because the Hasner valve is not normally open even after birth. In contrast, various and complex causes for acquired nasolacrimal duct obstruction, such as primary factors (inflammation arising in the nose as ascending factors and in the eye as descending factors) and secondary factors [infection (bacteria, viruses and fungi), trauma, surgery, neoplasm, sarcoidosis and granulomatosis] have been reported [5] [6] [7] [8] , and no clear pathological physiology has yet been established. Given that nasolacrimal duct obstruction is more common in women than in men, it has also been reported that nasolacrimal duct diameter may be a cause of obstruction [9] . A few studies on the structure of the nasolacrimal duct using computed tomography images have been reported, with a few studies that measured volume, all of which were in Westerners [10] [11] [12] .
We measured nasolacrimal duct volume using computed tomography images in Korean people to help understand the pathological physiology of nasolacrimal duct obstruction with complex causes of disease.
SUBJECTS AND METHODS Ethical Approval
The study was approved by the Institutional Review Board of Korea University Hospital, and it was carried out according to the tenets of the Declaration of Helsinki. We initially selected patients aged 30 to 80y who had visited Korea University Guro Hospital Oculoplastic Clinic and had undergone computed tomography from March 2013 through January 2016. We retrospectively analyzed medical records and classified a group of patients diagnosed with nasolacrimal duct obstruction into a patient group, and those who had computed tomography for the purpose of diagnosis on ophthalmological symptoms such as orbital contusion and eyelid edema into a control group. In order to exclude differences in nasolacrimal duct volume according to the difference in sex ratio between the two groups, the sex ratios of the two groups were matched. In order to exclude the symptom of reflexive epiphora by stimulus in the patient group, lacrimal punctum status, tear film break-up time, and keratoconjunctivitis degree were tested via a slit lamp microscopic test, nasolacrimal duct obstruction was evaluated with lacrimal syringing, and the obstruction region was judged with probing. In addition, if necessary, a dacryoscintigraphy was conducted to help diagnose nasolacrimal duct obstruction. If patients had a past history of facial nerve palsy and trauma, or other causes of epiphora, including scleroderma, eyelid stiffening by burn, intranasal surgery, punctal stenosis and malposition on slit lamp examination, laxity of the eyelid, and ectropion of the eyelid, they were excluded from the patient group. And patients with clinical or radiological evidence of acute or chronic dacryocystitis were also excluded from the patient group. If patients who had fractures due to orbital contusion or for whom there would be an impact on measurement of nasolacrimal duct volume by specific findings such as orbital tumor, idiopathic orbital inflammation, and thyroid eye disease observed in computed tomography images for the purpose of diagnosis, they were excluded from the control group. Computed tomography was performed using Siemens Somatom Sensation 16 (Siemens, Erlangen, Germany) in three directions (axial, coronal, and sagittal) at an interval of 2 mm. Of the images obtained from axial, coronal, and sagittal directions, all images in which the nasolacrimal duct was seen were selected, and the range of the nasolacrimal duct was defined as the range from the junction between the lacrimal sac and the nasolacrimal duct to the Hasner valve. To determine the more accurate area of the nasolacrimal duct, an average of the volume measurements in three directions was used for statistical analysis. Selected 2 D images were reproduced into 3 D images with the Image J program, which is a public domain, Java-based image processing software package developed at the National Institutes of Health (NIH) [13] to measure nasolacrimal duct volume. The process of calculating the volume was as follows [14] : pixels are converted to the length unit; the distance between the images is set to 2 mm; the areas of the nasolacrimal duct seen from the axial, coronal, and sagittal images are marked as lines, using the Selection Brush Tool in Image J; 3 D images are produced; and volume is measured (unit: mm 3 ) using the method of the Integral (Figure 1 ).
In order to increase the reproducibility and accuracy of the volume measurement, one researcher (Park JH) measured the right and left three times each in a blind manner and then set the average value as the nasolacrimal duct volume.
Using an unpaired Student t-test, the average values for age and nasolacrimal duct volume of the patient group and control group were compared, and the nasolacrimal duct volumes of the obstructed eyes and normal eyes of subjects in the patient group were compared with the nasolacrimal duct volume of eyes of subjects in the control group. Using a paired t-test, for the patient group, the average value of the nasolacrimal duct volume of the obstructed eyes of patients with nasolacrimal duct obstruction only in one eye was compared with that of the normal eye on the opposite side. Men and women were differentiated in the patient group and the control group, and the average nasolacrimal duct volumes were compared by age groups using Kruskal-Wallis analysis. SPSS version 20.0 (SPSS Inc. Chicago, IL, USA) was used, and a P-value lower than 0.05 was defined as statistically significant.
RESULTS
This study included 39 people in the patient group (78 eyes) and 39 people in the control group (78 eyes). The sex ratio of the patient group and the control group was the same (11 men and 28 women), and their average age was 55.72±14.51 years old in the patient group and 53.77±13.27 years old in the control group, which did not show any significant difference (P=0.412). In the patient group, the number of patients with nasolacrimal duct obstruction in one eye was 27 while 12 patients had nasolacrimal duct obstruction in both eyes ( , and the average nasolacrimal duct volume of women in the patient group was significantly higher (P<0.001; for those in their 70y, without any significant differences (P=0.163; Table 3 ).
DISCUSSION
The most common cause of epiphora, nasolacrimal duct obstruction, occurs for idiopathic and congenital reasons, trauma, drugs, and irradiation. Inflammation of the nasolacrimal duct by these multiple causes can result in reconstruction of mucosal edema and connective tissue fibers, transient obstruction, and repetitive inflammation progress that in the end causes permanent obstruction of the nasolacrimal duct [10] [11] . With the development of image inspection equipment such as computed tomography, the structure of the nasolacrimal duct can be evaluated more clearly, and increased effort has been made to understand the causes of nasolacrimal duct obstruction from a structural perspective [12, [15] [16] [17] [18] . Ramey et al [10] compared nasolacrimal duct volume according to age, sex, and race, and they reported that young men had a significantly larger volume than young women. In contrast, Bulbul et al [12] divided subjects into a nasolacrimal duct obstruction group and a normal group to compare nasolacrimal duct volume, and they reported that there was no significant difference between the two groups. Estes et al [11] also divided subjects into a nasolacrimal duct obstruction group and a normal group and measured their nasolacrimal duct volume. There was no significant difference between the nasolacrimal duct obstruction group and the normal group, but they reported that men had a significantly larger volume than women. In addition, Estes et al [11] reported that nasolacrimal duct volume was smaller in men with nasolacrimal duct obstruction in a patient group than in those in a normal group, but it was not significant; on the other hand, women with nasolacrimal duct obstruction in a patient group had significantly larger nasolacrimal duct volume than those in a normal group. They predicted that nasolacrimal duct obstruction would become more common with smaller nasolacrimal duct volume, but the research result was different from their expectation and they concluded that there was no correlation between nasolacrimal duct volume and the occurrence of nasolacrimal duct obstruction. In this study, similar to the results of Estes et al [11] , the average bilateral nasolacrimal duct volume in the patient group was higher than that of the control group, but not significant; however, unlike the men, the average value of nasolacrimal duct volume of the obstructed eyes of women in the patient group was significantly larger than in the control group. This conflicts with the results of Jenssen et al [19] that there was a larger possibility of obstruction in nasolacrimal ducts with smaller diameter. The reason for this difference can be found first in the method of measuring nasolacrimal duct volume. Since this study used computed tomography images, it measured nasolacrimal duct volume based on clearly found bone. However, there is a limitation that the volume of the bone cannot accurately represent the volume of the nasolacrimal duct, which is soft tissue. Preceding studies reported that in children with congenital nasolacrimal duct obstruction, the size of the nasolacrimal duct increased in eyes with nasolacrimal duct obstruction compared to normal eyes, and this result has been explained by expansion of the nasolacrimal duct allowed by the plasticity of children's bone structure [20] [21] . Since this study was conducted with adults without bone structure plasticity, it was judged that large nasolacrimal duct volume is caused by degeneration of nasolacrimal duct bone tissue by repetitive inflammation. Another issue to be considered is the relationship between diameter and volume. Even if the diameter of the nasolacrimal duct is small, if the length is large, the measured nasolacrimal duct volume can still be large. Since a nasolacrimal duct with a small diameter and long length may be a factor that is likely to obstruct anatomically, it is necessary to investigate correlations among diameter, length, and volume of the nasolacrimal duct.
This study, like previous studies, could not clearly reveal the correlation between nasolacrimal duct volume and nasolacrimal duct obstruction [12, [15] [16] . However, this study that of the nasolacrimal duct volumes of the control group, the average value was significantly larger than the control group. Nasolacrimal duct obstruction usually occurs in one eye [22] [23] , but as time passes, there is a clinical aspect in which nasolacrimal duct obstruction occurs in the opposite normal eye as well. In other words, since non-obstructed eyes in patients with unilateral nasolacrimal duct obstruction show an anatomical difference in larger nasolacrimal duct volume, it is necessary to continuously observe possible clinical progression to nasolacrimal duct obstruction.
This study compared the average value of the left and right nasolacrimal duct volumes of the entire group, but there were no significant differences. Men's nasolacrimal duct volume was significantly larger than that of women, and this result is similar to studies of Western populations [12] . In addition, this study divided subjects into men and women and compared nasolacrimal duct volume by age. There was no significant difference in all groups except for men in the control group.
There have not been studies on the distribution of nasolacrimal duct volume by age, and Jenssen et al [19] reported that there was no significant difference between nasolacrimal duct diameter and age. In this study, the nasolacrimal duct volume of adults did not have any significant difference by age, similar to nasolacrimal duct diameter. Thus, the clinical aspect in which the prevalence rate of nasolacrimal duct obstruction increased with age could not be explained by nasolacrimal duct volume. In addition, it turned out that there was a difference in nasolacrimal duct volume by age only in men in the control group. In order to find clear statistical significance, it would be necessary to conduct a study with a larger number of patients.
The average nasolacrimal duct volume of the patient group and the control group measured in this study was 236 mm 3 and 218 mm 3 , respectively. These values are different from the study results in Westerners. The average nasolacrimal duct volume of men and women measured by Ramey et al [10] were 327 mm 3 and 244 mm 3 , while the average values of the nasolacrimal duct volume of a patient group with nasolacrimal duct obstruction and a normal group measured by Estes et al [11] were 0.411 cm 3 This study has the following limitations. First, the sample size is small. Compared with previous studies, the number of subjects in this study is not small, but the sample is too small to compare the nasolacrimal duct volume by several age groups. In order to obtain higher statistical significance, the study of nasolacrimal duct volume by age including more subjects will be needed. Second, due to similar densities on computed tomography, the classification between the lacrimal drift and the surrounding tissue was not clearly differentiated.
Third, since computed tomography was measured with a thickness of 2 mm, 3 D reproduction of the nasolacrimal duct using Image J could not be accurate. However, this study has profound significance because we measured and reported the nasolacrimal duct volume of Korean people for the first time using computed tomography images to understand the pathological physiology. To calculate the volume by advanced methods using 3 D reconstructed images, researchers should use specific devices such as laser scanning machines, camera, or the software packages that reconstruct images into a 3 D model or automatically calculate the volume based on computed tomography or magnetic resonance imaging. But these devices are too expensive and require specific volume-analysis software. We could confirm that volume measurement method using Image J software is a cost-effective, simple, and easily accessible.
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